NASA/TM— 2002-211167 AIAA-2001-5116 



T3 

C 


OS 




January 2002 



Since its founding, NASA has been dedicated to • CONFERENCE PUBLICATION. Collected 

the advancement of aeronautics and space papers from scientific and technical 

science. The NASA Scientific and Technical conferences, symposia, seminars, or other 

Information (STI) Program Office plays a key part meetings sponsored or cosponsored by 

in helping NASA maintain this important role. NASA. 



w 

6s 8 


CO 

a 

< .. 

2 bp 

v .5 

5 £ 
*3 £ 
| <2 
os a ) 

6 £ 
.2 a> 
ti ^ 

C3 C/5 

H Q? 

So 

2 s 

o 


0> 

W> 

(CS 
Ph 
0) 
fi 

o 

S 

as 

bo g 

o P 


£ 

p 

CO 


as 

« Sb 
8 8 
Hh Ph 


bo 

<2 
v> 

< 4 

CO Vi 

SI 

il 

C/5 sL 

co -Sr 

0) +4 

y •* 

< is 


a> 

£ 

I 

as 

• rH 
> 

0 

• rH 
4-> 

C/5 
0) 

3 . 

cr as 

«, C/5 

g s 

>V43 

t— I VI 

■a @ 

g 

1 0) 

W JP 


C/5 

C/5 

0> 

U 

U 

< 

< 

I 


> 

§b 


3 

T— I 

<? 
_ rH 

O (N 

.2 S 

to « 
0) -H 
£3 oS 
CT 1 AS 

fcj $ 
pQ 

^ Cl, 

JjS T a3 

(2 E 


OS 

c/5 

0) 

Q 

0) 

E 

C/5 

C/5 

0) 

U 

U 

< 

< 

CO 

< 

I 

§ 

o 

riP 


o 

ON 

co 

? 

rH 

<N 


r3 ri 
r a> o 
H co 



o 


•So % 3 I 

g a g if 

£ ® gLg 2 

J7 o cl, 

S S-g 

o o ^ 

s ' 8 ■§ & 
4 h *p| bo 

Jh 


£ j S 3 » 

hH rfn OS Q. 0) 

Qj U < 1 > ^ -rH 

■* H QJ C/5 0/ ?H 

s H Q ft as CO 


C/5 

0> 


£ b -go 

IS a a; -5 g 

■a c S 9h 7 

C cb c/5 

.?i rt 0» tC 5? 



O a>1« Oh ^ 

2 | g g. | 

<§ .1 g’l 


H U C/i' h fn 

S £ g* 8-3 

C J Hi O +J H 

w e ^ 9-5 9 


31 

v O 
« <2 

.2 

CO 

£ 
s 

pp 

8 


0 

C/5 

1 

< 

CO 

< 

z 

r^> 

C/5 

S 

T5 


Ucg 


H 

g 

U 


contractors and grantees. NASA Access Help Desk 

NASA Center for AeroSpace Information 
7121 Standard Drive 
Hanover, MD 21076 



NASA/TM— 2002-211167 AIAA-2001-5116 



Glenn Research Center, Cleveland, Ohio 


Prepared for the 


-4-» ^ 

CO g 

CD <| 
u ^ 
CD 

co +■* 

r -H 

eg ^ 

o ^ 

% a 



January 2002 


0 > 

CD 


is 

<3 4 -) 

H O 


73 O 

§s 
2 a 

13 < 


o ^ 


^ <N _ 
13 ^ CD 
u 


.24 

<«H 

bO 

•g 

a, 


<j 

£ 

13 

§ 

« 

Z 


a 

o 

\ 

O 

6 i> 

d 

C/j 

cs 

£ 


s 

O 


bi> 

crj 

£ 

i — i 

hi) 


■9 

3 


§ 

1 


H 

O 


0 ) 

<j 

a 

Oh 

CA 

O 

S 3 

< . 

I < 

S3 


s 

u 

$ 

< 


'S 

oS 

73 

G 

CD 

rH 

<N 

rH 

IN 


8 

O 

rH 

<N 

Q 


X 


£' 

£< 

H* 

03 

►N 

rH 

13 

u 

*a 

u 

a> 

'o 

'S 


3 



MICROHEATER ARRAY BOILING EXPERIMENT 


cz> $3 o 


> ts > ^ 

•42 a> 2 B 

8 ^ a 08 

•jr> bO r-H * 
i-O ri 3 

o •§ d 


1 1 
6b g> g 
p § .5 

f£? 

= |! 
co O 
8 .2 

'a a .1 

oj c 3 +3 

•f 3 Ji '« 

§1 § 

6 5 is 


. T9 1 £ 
-2 > 
•£ >. S 

J S ^ 

rO b T3 
o 0) 

J 

+■* 2 T 3 
^ bB £> 
O -S *1 


<u nT g 
_, *> 

§11 

.22 "O 

£ g 3 

d C X) 
b O 3 
43 a ,o 


« g a 

.3 i! (U 


o ^ 

g 

&<8 

r1 CO _£» 


M « 

•Sj §' 

age 
x g 2 
i> >, g 
II J 3 

f s 
8 

a f* g 

■ Sot!' 

bo m +j 

S\2 g 

!ti ; 


T3 4_, cz) 

2 o3 o3 

03 <D P 

43 h 


13 d D 

>8 gig' 
2- 
03 C 
s O <L> >> 

■g g* a* . 

> S 4 1 . 

O <D J 3 
b ,3 p r 

-3 " 


03 ^ 

t5 -9 'O 

o a p 


§ P S r 


*7 (d 
> u 

S) ^ . 

8 8 | 

O 43 O 


fl 3 ft 
C3 eg & 


P 43 <D 
w '*"* 43 


2^2 
o t3 2 
.§ o .& 

g f §■ 

<u .33 <D 


33 o 2 
<L> 43 g 
<L> +■* P 
43 ^3 

T 3 

r . <L> -O 

2 50 s 
43 ft o 

2 &. | 
« 2 <*> 
M * 4 

3 .U 


43 g 'S • 

8 £ * 

03 31 , >, • 

<£ 00 x> 


•8 8 1 
2 c 2 


h T3 g 

ti » 
Hi 

5 i 3 § 

< 33 > 


33 bB (D 

'3 -S S 

■°’S* 

-4 3+3 

o O _g 

2 00 :g 

.»3 « 

c /3 O <D 
<D *rj 

’Ti cd 

^ O .O 


<D 50 bBTD 

*■£ § S 

*3 ^ ftj 
. -S !?nC0 8 


j3 *-r <+3 > 
tS c8 £ ^ 
I To g J3 
4 ^ 2 ,0 

4 § £ j§ 'P 


bB/J 
03 ^ oj 
44 ro ^3 

o3 ', ^ * 
33 O >. 

^ ^ 6* 
03 g 

a ^ ' 

O 4 g 
g 3 33 
•g ® 8 c 

g "O 33 t 
8- 8 ^ 


« T « ^ 

rll^l' 

ill § i 

* Is If. I 

ck -2 c « 

3 .S 3 2 

03 X) ° O 

£ 4 D ^ « . 

«> j> § a 

•a §>’ 

03 ^ 


§ -a | ^ 
.a aa s 




EP.'S £ 

• S 3 <D 
t3 £ s 

rrt * ^ 




2 

3 '3 ^ 2 


O 

4> bfl 

s s 

£ a 

C a> 
* * 
Ld W 

+2 ^ 
«i a 

a! 


n 


g. 



cu " S a M 

jl* 1! 

^ .1 § ti 

II ll 

- a| s 43 

&***? 
1 2 S|-S 
£|| S « 

es ^ 2 <d «T 

JS J3 § ^ 3 

5 g g •* 

s 8 14 ° o 

^ CV 00 ^ 

bX) q _, 4-j ’S ;_, 

.3 «* | 8 

*8 a T3 <d ^ 

^ s III 

* 3 S CO 


on 


<D <D 
43 43 


O 

oq 

1 

co 
<D 

8> 

<D 

*S* 

.5 

« ’SL 
a> 2 

S3 

d r-H 

+T» 13 

3 § 

CO 

o g 
° £ 

2 . 
43 u 

'M (D 

• a e 

<x> g 
<d ^ 

*h *-rt 

.8 1 
1i 


I 

4h 

O 


<D 


£> 2 13 

3 .2 

3 T3 w 

38^ 

d< <3 o, 

u 13 ^ 

3) k 'O 

4-» <D 

© 3 o 
3 3'“ 

.2* St «* 

° 5 

0 

1 

s* § 

6 £ 
T3 

<D S3 
43 cs 


“ H S3 

-5 S 

ij 

a 2 

co $3 
3 c3 

1° 


a 

c3 

13 

S 

CO 

4> 


a> 

5 


<D 


CD 

tj -s 
2 £ 
.9 o 


S3 

£•£ 
• £ 4) 
> <D 
C3 > 

|>§ 

2 <-> 

•si 

S3 <3 
►— i S3 


<N 



43 73 
O CD 

CD 


CO 

P< 

3 

o 


§ 

o 

a 

<d a' 


>> 24 

pH o 
CD M 

73 
bO ^ 


cj ’■o <z> 

CD 

bp24 tS 


a 

£4 43 2 


O «> 

.3 jj< 

*■0 o 

<D QJ 

.2 i! 

73 H 

•a £ 

m H 
,<D m 
<+h cd 

| jg 

£ J 

c3 

P <D 

73 .2 
<D co 

Id a 

tjf 

o 2 

° -a 

jg I 

H 8 


<D CD 

-5 

s •< 
°*o 

_ 0 H 


1 1 : 

. 2 -1 <D O 

•is s 

Ho 

2 S^PL, 


03 

Oh 

& 

p 

o 


o 3 


< <D 

o a 

p 

w o 

K. co 

£* 73 

2 * 


I CD 
73 43 

i § 

Oh 


"I 

M a 

<D CD 


P <D 


73 
CD P 
£ o 

cm £ 

°l 

co 

73 
ccj 
CD 


CD 

> 

04 8 

P ^ 
o a 


u 

$ 

o w 

Ph CD 


p 

p 

I 

p 

CD 

rP 


-2 

a 

73 

p 

ctf 


P .2 
O 

M <D 

P bD 

CD o3 
> 44 
P CD 
O <S 


P 

O 

o 

CD 

43 




P CD Gj CD 73 

O £ * P « 

‘3 (+3 <3 43 44 

03 M P CD £ 

0 3 P- 73 g 

p CO P 

1 I s | i 

•8 § ® a 5 

g ji « o 

•8 £ § i a 

2 §^1 1 

> 8 « 1 ? .9 

g> S o •* 3 

» O, In ft & 

P w <£ <d <d 

n « 5 ^ £ 

<2 a £ .2 . 

I | o « ^ 

& a -a 2 a 

§ S g 2 u 

“r, ai; 


<D M 
CD <D 

P 03 

03 CD 
to 43 
'So 7 3 
P § 


CO CD 73 

P 


W).? iO 0 S 
P P m 43 

’55 5 «* £ _ 


>> o> 
c3 43 


* 3 

P > 

s ^ 

.0 p 

C+H 

0 ’■P 
3 o 

, 03 

33 <D 

*2 P 

a i 
.2 '3 

P CO 

a cd 

bD .2 

el 1—1 

*35 £ 

3 1 
■e .9 

> £ 

1 S’ 

a) 

,TH m 

CO CD 
p +7 
(D 03 

M W 
a M 


2 

§ 

9 

P 


2 stf 

P Cm 
O © 

M ^ 

|J 2 

-*- CO 
03 

? «* s 
§•2 8 
e i| 

^ 3 *- 

•o « g 

I w o 
§,2 e- 


_, 'O S 

12 a 

c 3 w ’3 

^ a p 
3 CD 7 J 

> 73 03 

^ ^ a 
a g,- 

a ? 8 
10 p c 2 

CD CD M 

P 43 P 
o 3 +3 co 


1 Si ! 

© <a 

“|| 

fg 13 

CO P-, rP 
P JD .pj 
73 > 

T 3 >-» ^ 
<D 73 <D 

> 13 2 

I«l 

£ CO £ 

CN JD 

•2o5 

H S W 

2 ° > 

.3 u P 

S w - 
p 




^ Oh 

a o 


|i 1 ^ 

! « 


^ 8 
jH p 
CD <D 


r 3 -h * 

2 -| | 8 

P 4:3 c 2 

CD £ <d g 

43 43 m p 
+3 o 32 5 



ro 


r- 

CO 


<N 

O 

O 

<N 


z 



a o 

.2 ' M 

1 1 

1 6 
G a 

<D <L> 

t-* 


c3 .3 
P 

-g 


as 


p <D 

2 £ 
cc 5 

<D co 

4-> +-> 

P c3 
j-i (D 

a tj 

(D <D 

bO a, 

P 


b*'* 

43 o 

c/3 

*0 ^ 

S 

g £ 
% 


3 

4) 

jj 

3 

o 

o 

P 


bD in 

.s ^ 

% 

P 

o 


>> 

ia> 

3 


.2 a 

<D 


in 

co 

i 

U 


a 

o 

*a 

o 

<L> 

*e 

<u 

H 

<D 

4b 


u 

a 

a> 

4b 


§ 

& 

<D 

</3 

4> 

P 


CO 

Jh 

3 

b 

45 


Cd 

I 

D 

l! 

P 


CO 


P <D 
<L> Jh 

* g 

P 

> <D 

I s 

<L> ^ 

S°° . 


£ HH W 

rj £ *3 


<u 

43 

bo 

.g 

*co 

p 

+-» 

• ?-H 

> 

§> 


§s 

cnC 

vo" 


S g> 

|l 

Ph O 
o 

<L> o> 
<D 3 

to K 


p H -=• o 


£ 45 
<L> P 


S E 


+4 <D 
<D 

g -P 44 ^ 
P pi, o O 

- & o +■> 
b « 



oo 

h— I 

GO 

tJ 


H 


SI 









3 


Figure 5: Photograph of KC-135 test apparatus. 
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Figure 12: System schematic of microheater array boiling experiment. 
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